Summary. Observations were made on ova recovered from mated, from inseminated and from unmated sows killed at varying intervals up to 144 hr after the onset of heat. The morphological findings on pene¬ trated, pronucleate and cleaved ova are described.
INTRODUCTION
The observations recorded here deal with three aspects of fertilization in the pig:
( 1 ) The morphology of fertilized and unfertilized pig ova.
(2) The changes that occur with time in fertilized and in unfertilized pig ova.
(3) The numbers of spermatozoa on the zona pellucida of pig ova.
The observations were made on material collected in the course of experi¬ ments on artificial insemination of pigs in which the success of insemination was judged by the proportion of fertilized ova recovered at autopsy 2 to 4 days after insemination and on material from sows mated and killed at times that were chosen specifically to provide data on some aspect of fertilization.
MATERIAL AND METHODS
The animals used in this work were surplus sows from the Organization's Pig Breeding Unit. Management and the procedures used for the detection of heat, for mating, for insemination and for the slaughter and recovery of ova have been dealt with previously and need not be considered in detail here (Hancock, 1957 (Hancock, , 1959 . Heat was determined by trial once or twice daily with a vasectomized boar.
In this paper, 'onset of heat' means the time when a sow first accepted the boar. Not all sows regarded as accepting the boar were served by the boar; where service did not take place this was because the boar was restrained. Day 0 here means the day of first acceptance (or the first day of heat) and Day 1 means the day after (or the second day of heat). In experiments designed to give information specifically about the timing of events at fertilization, the time of each mating was recorded and the precise interval between mating and, for example, recovery of ova is known. For routine insemination trials, the sows were tried once daily for evidence of heat and were mated and inseminated either on Day 0 or on Day 1. In experiments designed to study the effects on fertility of time of mating relative to the onset of heat, sows were tried twice daily and matings were made (1) at the onset of heat, (2) 24 hr later, (3) 30 hr later or (4) 48 hr later. 'Delayed matings' here means matings made 30 hr or more after the onset of heat. 'Normal matings' are those made earlier.
The interval between autopsy and recovery of ova was recorded to the nearest half hour for sows killed less than 41 hr after mating. For sows killed after this time, the interval between autopsy and recovery was recorded to the nearest 24 hr. Because, for routine purposes, pigs were slaughtered between 8 a.m. and 2 p.m., and were mated or inseminated between 9 a.m. and 1 p.m., the stated interval between mating or insemination and slaughter is subject to a variable error ( -\-6 hr).
Estimation of the stage of cleavage of fresh unfixed ova was made as a result of examination with a dissecting microscope at a magnification of 20 to 50 diameters. No attempt was made to count accurately the numbers of blastomeres in ova with more than four cells. The ova were classed as 1-cell, 2-cell, 3-cell, 4-cell, 5-to 8-cell or 9-to 12-cell; ova developed beyond this stage were classed as morulae or blastocysts according to whether or not the blastocoele could be identified.
Stained uncleaved ova were classified according to their nuclear morphology and stained cleaved ova were classified according to the numbers of nuclei. It was possible to count without difficulty the numbers of nuclei present when there were not more than twelve. Ova with more than sixteen nuclei counted are grouped here into two classes: those with between sixteen and thirty-two nuclei and those with more than thirty-two nuclei.
The following methods were used for the examination of ova :
(1) Direct microscopy of whole ova either in 0-9% sodium-chloride solution Fertilization in the pig 309 (living ova) or after fixation in buffered (pH 6-8) formal-saline solution (Hancock, 1957) .
(2) Phase-contrast microscopy of ova fixed and cleared in acetic-alcohol and stained in aceto-carmine (Hancock, 1958) . These preparations were also used for counting the numbers of spermatozoa present.
(3) Sectioned ova. These were fixed in either buffered formal-saline solution or in Helly's solution, were embedded in ester wax and cut serially at 4µ (Wigglesworth, 1959) , or embedded in paraffin wax and cut at 7 µ. Sections were stained by the conventional method with haematoxylin and eosin, with Weigert's iron haematoxylin and eosin, by the periodic acid-Schiff (pas) method followed by counter-staining with methyl green, or by Feulgen's method followed by counter-staining with Orange G.
(4) 'Egg-plugs' with their ova were fixed in Helly's solution and cut at 7µ after paraffin embedding.
RESULTS

MORPHOLOGY
Most of the observations were made on whole ova cleared of their yolk content by treatment with acetic-alcohol and stained for examination (Method 2 above). This treatment destroys most of the cytological components of the cell including its membranes. Nucleoli are still detectable as vesicles within the nucleus which is well preserved. Removal of the yolk platelets leaves the cyto¬ plasm marked with vacuoles; the size and disposition of these vacuoles depends presumably on the size and disposition of the removed platelets and it is possible in these preparations to see evidence of the changes that occur in the size of the yolk platelets. These were found to be inconspicuous in freshly shed ova and became increasingly obvious with increasing age ; the changes have not been followed in detail and the observation recorded here deals primarily with the nuclear morphology.
Fertilization and cleavage
Some recently shed ova were found grouped within a mass of cells (the 'eggplug') formed by the adhesion of several ova with their surrounding cumulus cells. The appearance of an ovum as seen in paraffin section of an egg-plug is shown in PI. 1, Fig. 1 Odor & Blandau (1951) for the rat ovum at the same stage. In pronucleate ova, it was possible in only a small proportion of ova to distinguish by the presence of the sperm tail the male from the female pronucleus. The sperm tail was visible in ten of 175 pronucleate ova examined as whole mounts and in three of these ova the sperm tail could be used to identify the male pronucleus. In all three ova, the female pronucleus showed a coarsely granular thickening of the nuclear membrane on the face opposite the male pronucleus.
In a few exceptionally clear preparations, the remains of the second matura¬ tion spindle could be seen attached to the second polar body (PI. 1, Fig. 3 ). Structures that may have been the centrosomes derived from the penetrating spermatozoon were identified in one ovum (PI. 1, Fig. 10 ). It is possible that these structures were visible and not recognized in other preparations.
Twenty-one pronucleate ova were examined after embedding and sectioning. In fifteen of these, conjugation had begun and in seven of the fifteen the forma¬ tion of the first cleavage spindle appeared to be nearly complete. The remaining six ova were from a sow killed 8 hr after mating; here the pronuclei were still some distance apart.
It was possible to identify the tail of the penetrating spermatozoon in only one sectioned ovum and even in this case it was impossible to say to which of the two pronuclei it belonged; it was therefore impossible to distinguish the male from the female pronuclei in these sectioned ova. However, morphological differences between the two pronuclei were evident: usually one pronucleus showed a coarsely granular clump of chromatin on the nuclear membrane which was not shown by the second pronucleus (PI. 1, Fig. 7 ). In all of the six pronucleate ova where conjugation had not yet begun, the chromatin aggrega¬ tions were on the face of the nucleus opposed to the second pronucleus. In these ova, it was not possible to identify the male and female pronuclei.
No morphological distinction of the sort described above could be made between conjugating pronuclei, possibly because it was difficult to define the boundaries of the two nuclei at their interface. There is some evidence of chromatin aggregations at the interface of two conjugating pronuclei in PI. 1, Fig. 8 and these aggregations seem to belong to the nucleus on the right but this is open to doubt; however, in view of the possibility that this feature is asso¬ ciated with the female pronucleus only, it is of interest to note that of the three pronuclei in PL 1, Fig. 9 , the two smaller show some evidence of similar features. This observation is discussed in more detail below since it has an important bearing on the interpretation of the findings. The difference in the size of the pronuclei shown by the ovum in PI. 1, Fig. 9 The occurrence of cleavage among unfertilized ova was examined among ova from unmated sows and from sows mated to vasectomized boars. Table 3 summarizes the findings as regards the relative proportions of 1-cell (uncleaved) and fragmented (cleaved) ova among this material. It is shown that there is an increase in the frequency of fragmented ova, with increasing inter¬ vals between onset of heat and slaughter. Tables 4 and 5. Distinct pronuclei were found in all of nine ova from a sow killed 6 hr after mating; this is the earliest evidence of fertilization recorded here. A total of thirty-seven pronucleate ova were recovered from five sows killed less than 12 hr after mating. Of these, seven ova were from a sow killed 11 hr after mating on Day 0 and two were from a sow killed 8 hr after mating on Day 1 ; none of these ova showed conjugating pronuclei but it is possible that in these sows ovulation had not occurred at the time of mating. The remaining twenty-eight ova were from sows killed 8 hr (two sows) and 6 hr after mating on Day 2; fifteen of the ova showed conjugating pronuclei. The evidence here, then, is that syngamy occurs 6 to 8 hr after mating or within an hour or two after fertilization but it may be significant that the evidence refers to ova recovered after 'delayed' matings. (Hancock, 1959) . It was shown then that an increase in the frequency of ova with more than two pronuclei was associated with delayed mating. No evidence of retention of the second polar body was found in any ovum and it was concluded that the presence of more than two pronuclei was probably evidence of polyspermic fertilization.
Thibault found evidence of retention of the second polar body in eleven of fifty-three ova from six sows killed more than 37 hr after mating or insemination. He does not say precisely what were the criteria used to distinguish poly¬ spermic ova from those said to show retention of the second polar body; but he says that when retention occurs it can easily be recognized because remains of the second maturation spindle can be found in the region of the most peri¬ pheral pronucleus. Presumably, this evidence was taken into consideration with other evidence as regards the presence or absence of spermatozoa and nuclear morphology. Because the observations made here were not made on permanent preparations, it is impossible to re-examine them in the light of Thibault's observation, but it is of interest that in one photomicrograph, of an ovum classed as polyspermic (PI. 1, Fig. 9 (Pincus, 1936) (1946) say that 'the oestrous cycles of sows were charted and the females were bred as near to heat as possible'. More information is needed to know exactly what was done, but it seems reasonably certain that these sows were mated not less than 15 hr after the onset of heat. It is not said whether or not the boars had free access to the sows or were handmated. Pomeroy's (1955) material was from sows mated twice but he does not give the precise interval between recovery of ova and mating. Heuser & Streeter (1929) were less informative. In their experiments, sows were mated and killed in circumstances that probably prevented any critical supervision of the timing of the operations.
More recently, Pitkjanen (1955) has published data that are presented as evidence that cleavage rate is more rapid in pigs mated twice than in pigs mated once. Pitkjanen's data have been recalculated so that they can be com¬ pared with other data (Table 10) . Unfortunately, the original data on the numbers of ova from sows in the two experimental groups give only the per¬ centages of ova in each cleavage class and these percentages do not total 100, so that in recalculating them it is impossible to account for some ova in each experimental group. These difficulties aside, the only evidence of any difference in cleavage rate is the difference in the frequencies of ova developed beyond the J. L. Hancock 4-cell stage and in twice-mated sows more than half of these are only at the 5-cell stage. The frequency of ova at this stage (10-2% of cleaved ova from twice-mated pigs) is much higher than that recorded here (1-0% at 48 hr and 2-0 % at 72 hr after mating) but the percentages for this class given here refer to ova examined after fixation and staining. The difference between the experi¬ mental groups was said to hold for ova recovered 72 and 96 hr after mating, but only the data for the 48-hr group are presented. The usefulness of this data is limited by the fact that not all unfertilized ova may be cleaved by this time and among the uncleaved group it is impossible to distinguish between fertilized and unfertilized ova. The differences in the proportion of cleaved ova between the two groups could well be due to either differences in frequency of fertiliza¬ tion or differences in cleavage rate. If the data are intended to show differences in cleavage rate, then they are less well suited to this purpose than data (which are not given) obtained from sows killed later, at times when differences due to fertilization failures would be evident. (Castle & Gregory, 1925) .
One of the features of the data on cleavage of pig ova as measured in stained preparations of whole ova is the very clear evidence of the occurrence of asynchronous cleavage. ABNORMAL AND UNFERTILIZED OVA Anomalies at fertilization in the pig are apparently to be associated mainly with disturbances occurring within originally normal ova; the total incidence of ova considered to be intrinsically abnormal was low in this investigation. The apparently premature cleavage observed among ova from delayed matings may be related to the phenomenon of 'immediate cleavage' described by Braden & Austin (1954a) in the mouse. They found that hot-shock treat¬ ment of mouse ova 8 to 12 hr after ovulation was followed by cleavage 4 to 5 hr later. They suggested that this cleavage was the result of completion of the second meiotic division in an ovum where the spindle had previously migrated to the centre of the ovum. They later (1954b) suggested that the finding of two nuclei in a single blastomere in prematurely cleaved hot-shocked ova might be due to penetration by a spermatozoon, the second nucleus being a male pronucleus formed from the penetrating spermatozoon.
The findings recorded here of the changes observed with time in fresh unfixed unfertilized ova are in good agreement with previous observations by Dziuk Fertilization in the pig 327 (1960) . There appears to be no previous detailed study of the cytological changes that take place in unfertilized pig ova, although Bischoff (1844), Spalding, Berry & Moffat (1955) and Pitkjanen (1955) (Charlton, 1917) , rat (Mann, 1924 , Austin, 1949 , opossum (Smith, 1925) , rabbit (Pincus, 1930) , hamster (Austin, 1956) , ewe (Thibault, 1949) and ferret (Chang, 1957) . The (Charlton, 1917) and opossum (Smith, 1925) , since it is clear that the material used in those investigations included ova from females in contact with males; but this interpretation will not hold for Mann's observations on rat ova because her animals had been isolated from the male since before parturi¬ tion. One must agree with Thibault that the precise origin of these abnormal ova is obscure. Budding of nuclei described by Charlton in the mouse was not found in pig ova known to be unfertilized; a few nuclei with similar features were observed in otherwise normal ova from mated pigs.
These findings on the changes that occur in unfertilized ova are of particular interest. Estimates of the proportions of fertilized ova from inseminated pigs are frequently used to measure the success of inseminations in experimental investigations. The usual criterion of fertilization is cleavage, but from Dziuk's (1960) observations and from those reported here it is clear that cleavage of unfertilized ova occurs with increasing frequency with time after ovulation and is likely to be a considerable source of error among estimates of fertilization based on cleavage of ova recovered more than 72 hr after the onset of heat. Errors of this sort may explain the observation that the fertility of certain experimental inseminations is apparently higher when judged on the frequency of cleavage among ova recovered 3 to 4 days after insemination than when judged on the numbers of foetuses recovered 3 to 4 weeks later. (Dziuk, 1959 , Self, 1959 (Hancock, 1959 ) that the method is sufficiently sensitive to detect differences between numbers of spermatozoa on ova from mated and from inseminated sows, and more recently it has been shown (Hancock & Hovell, 1961) that differences between ova from sows inseminated with different numbers of spermatozoa can also be detected. There is thus reason to believe that counts of spermatozoa on whole fixed and stained ova give a more or less accurate estimate, at least for comparative purposes, of the numbers of spermatozoa reaching the ova and that the method can be used for this purpose in the same way as counts made on whole unfixed ova (Adams, 1956) or on formalin-fixed unstained ova (Hancock, 1957 (Anderson, 1927) Pomeroy (1955) has shown that the actual time is less than 48 hr.) Although there is no clear evidence here that polyspermic fertilization is associated with increased sperm numbers at the time of fertilization, it could well be that with delayed mating the ovum meets a high concentration of spermatozoa at its first contact because it is already in the lower part of the tube when mating takes place. In these circumstances, the time available for the operation of a block to polyspermy (which in the pig is apparently associated with a 'zona reaction') will be shorter than in conditions of normal mating where successive spermatozoa probably reach the ovum at greater intervals of time ; it is equally possible that there is an increase with the age of the egg of the time needed for completion of the block to polyspermy. Both factors may be important as causes of polyspermic fertilization in delayed matings.
